Abstract: Central Asia's arid lowland ecosystems are dependent on water that originates in nearby mountains and is carried by rivers to terminal lakes and freshwater seas with no outlets to the ocean. Fish traditionally thrived in these waterways, but they have become increasingly jeopardized by water impoundment and diversion for energy and crop production. Fish capture in the five new Central Asian republics consequently entered a period of long decline, a trend that was accelerated by removal of the centralized controls imposed by the former Soviet Union. Production levels have recovered during the past decade, but only in some countries. A similar trend is evident with aquaculture, which reached its lowest production levels in 2003-2008 but now is partially recovering. In both cases, progress is most evident in water-deficient Uzbekistan. Fish capture in Kazakhstan's Ili River ecosystem, including Kapchagay Reservoir and Lake Balkhash, is now dropping precipitously. Effects on the lake's fisheries have been magnified by the disproportionate rates of disappearance of valuable carp and pike-perch. The interrelationships between water, energy, and food underlie these threats to Central Asia's fish and define a classic "wicked problem" that must be addressed regionally with explicit attention given to fish as important components of the ecosystem. Recent developments, although not all positive, give reason for cautious optimism that the region's fisheries and aquaculture industries can be stabilized.
Introduction
A landlocked region of dramatic landscape diversity, Central Asia is distant from the world's oceans. Encompassing about 4 million km 2 and home to more than 60 million people, it is bracketed by the Caspian Sea, desert, and treeless steppe on the west and north and the Hindukush, Pamir, and Tian Shan mountain ranges, which form an imposing arc-shaped barrier on the south and east. Elevation falls off rapidly from the external slopes of these mountains, giving rise to the vast expanses of semi-arid plains that grade into the deserts that define most of the region. The climate is sharply continental, with large annual temperature fluctuations that lead to hot summers and cold winters. Precipitation in Central Asia generally averages between 250 mm and 300 mm per year but is highly seasonal and varies significantly with location [1] . It is greater as elevation increases, ranging from as little as 12 mm annually in the southwestern Karakum desert to more than 2400 mm in a few of the higher zones of the Pamir mountains. Exacerbated by the region's complex topography and the uneven distribution of moisture across space and time, water scarcity has long been a hallmark of the region [2] [3] [4] [5] .
Fish are key components of aquatic ecosystems and among the most important of Central Asia's water-dependent resources from the twin perspectives of the environment and society. Whether captured or produced via aquaculture, fish provide income and local employment, often in rural areas, and they can be a significant source of high-quality protein in human diets [6] . These benefits notwithstanding, fish have been disadvantaged by the cumulative effects of overfishing and watermanagement decisions that have been made over many decades [6] [7] [8] [9] . Here, we examine this situation from a regional and systems perspective, placing emphasis on the factors most likely to govern the future viability of these important aquatic organisms. But first it is necessary to consider briefly the unusual geographical and geopolitical dynamics of the region's water resources.
Water Dynamics in Central Asia
There are two defining characteristics of water-and thus of the habitat of fish-in Central Asia ( Figure 1 ). One is the endorheic nature of the region and surrounding areas, which means that the hydrological system is essentially closed, such that water is never released to the ocean. Instead, Central Asia's rivers either flow into terminal lakes and inland seas such as the Caspian and Aral Seas or Lake Balkhash, which lack outlets, or they simply cascade down from the mountains, dry up, and disappear before reaching any sort of larger water body. In either case, evaporation assumes an exaggerated role and, indeed, the rate of evaporation in the arid plains exceeds that with which water can be replenished there by precipitation [10] . This leads to the second defining characteristic: the unusual degree to which the entire region is dependent on precipitation that falls on relatively small areas at high elevation, principally in Kyrgyzstan, Tajikistan, and parts of western China. Some of this water is retained in glaciers and high mountain lakes, but much of it is redistributed to the lower elevations of Kazakhstan, Turkmenistan, and Uzbekistan by rivers that act as water arteries. Perturbation of the water flowing into and through any of these arteries risks potential havoc with the downstream hydrological regime and the fish that inhabit it. This leads to the second defining characteristic: the unusual degree to which the entire region is dependent on precipitation that falls on relatively small areas at high elevation, principally in Kyrgyzstan, Tajikistan, and parts of western China. Some of this water is retained in glaciers and high mountain lakes, but much of it is redistributed to the lower elevations of Kazakhstan, Turkmenistan, and Uzbekistan by rivers that act as water arteries. Perturbation of the water flowing into and through any of these arteries risks potential havoc with the downstream hydrological regime and the fish that inhabit it. Central Asia's two great rivers, whose basins adjoin one another and account for nearly one-third of the region's total land mass, illustrate these relationships. The Amu Darya arises in the Hindukush and Pamir mountains and delivers almost three times the flow of its sister, the Syr Darya, which has its origins in the Tian Shan range. Much has been written about these two waterways, which descend from higher elevations and approach the Aral Sea like pincers, the Amu Darya curving toward the southern extreme of the sea and the Syr Darya flowing northwards and gradually turning west toward the lake's northeastern shore [5, 11, 12] . Both rivers are subject to characteristic annual cycles of flow and periodic flood surges that determine when and where water is discharged.
The cumulative effects of human intervention have now overwhelmed these natural river dynamics, as water is increasingly impounded and redistributed. The Amu Darya was diverted as early as the mid-tenth century, when the great Gurganj Dam was erected to block the flow of the river's then existent channel to the Caspian Sea and redirect it to the Aral Sea [13] . Immense scale engineering of both rivers first began in the mid-twentieth century, with irrigation and hydroelectricity as dual intended benefits. Today, both rivers are interrupted by large and smaller upstream reservoirs and have been extensively engineered to supply water to networks of downstream irrigation canals and other newly created water bodies. The chronology and largely negative consequences of such imposed management on the natural state of the rivers and its underlying hydrology are well documented, especially as they relate to the desiccation of the Aral Sea [14, 15] .
The effects of climate change are predicted to raise average temperatures and reduce precipitation in Central Asia, further stressing the water resources of the region. Expected consequences over the coming decades include additional loss of glacier volume, alterations in the ratio of snowfall to rainfall, enhanced evaporation, and diminished total water-storage capacity within the region [1, 16, 17] . These factors will likely reduce flows of the already stressed Amu Darya and Syr Darya by one-quarter within the next 50-80 years [18] , further threatening fish and complicating management of the rivers.
Although Central Asia's other major river and lake ecosystems have been investigated in lesser detail, the situation is generally similar with respect to the natural forces in operation, the extent of anthropogenic perturbations to secure irrigation water and electricity, and the looming threat posed by climate change. In each case, seemingly irreconcilable and competing demands are focusing attention, not just on water, but on its complex interlinkages with energy and food [19] [20] [21] [22] . Fish have been heavily impacted by these competing demands, and although they are important components of Central Asia's ecosystems, they have not received the attention they deserve. Figure 2 illustrates the general dimensions of the inland fisheries crisis in Central Asia. At the time of the dissolution of the Soviet Union in 1991, regional fish production was more than 110,000 metric tons. By the end of the last century, reported capture (which may under-represent total capture [7] ) had dropped by roughly three-quarters before progressively recovering to about 50% of its earlier level. Substantial country-by-country differences are, nonetheless, evident. Kazakhstan and Turkmenistan accounted for 61% and 36%, respectively, of Central Asia's 1991 fish capture, with most of the residual production in Uzbekistan. Although Tajikistan's fish capture has increased in recent years, its production and that in Kyrgyzstan, the other mountainous, water-rich country, was and remains negligible. Mirroring the region as a whole, Kazakhstan has since 2000 managed to stabilize and then slowly increase fisheries production to about half of its pre-independence level. Turkmenistan was not so fortunate; its capture fisheries industry has stabilized at a level well below 40% of the pre-independence level and shows no signs of further recovery. Never a major fisheries player, Uzbekistan is the only Central Asian state where current fisheries capture exceeds that prior to independence; progress in recent years has been rapid and sustained. Aquaculture in Central Asia enjoyed a long history of development and sustained support during Soviet times. With government encouragement, the output of fish farms reached almost 260,000 metric tons by 1990 before plummeting following the demise of the Soviet Union [23] . The fate of aquaculture in Central Asia followed a similar trajectory (Table 1) , as most farms were unable to operate profitably without state support. Production in all five newly independent states reached a low point between 2003 and 2008, at which time yields in Kyrgyzstan, Tajikistan, and Turkmenistan were virtually nil. By 2015, production in each of these countries had recovered somewhat, but none is a major player today.
Capture Fisheries and Aquaculture in Central Asia
The aquaculture sectors of Kazakhstan and Uzbekistan diverged sharply between 1991 and 2015 ( Table 1) . Although aquaculture production in the former remains at less than 5% of its previous level, Uzbekistan has managed to boost its production to a level exceeding that achieved under the Soviets by more than 50%. This likely reflects both Uzbek priorities and the attention paid to largescale aquaculture infrastructure that was created by the Soviets to offset the decline in capture fisheries accompanying destruction of the Aral Sea [7, 24] . Aquaculture in Central Asia enjoyed a long history of development and sustained support during Soviet times. With government encouragement, the output of fish farms reached almost 260,000 metric tons by 1990 before plummeting following the demise of the Soviet Union [23] . The fate of aquaculture in Central Asia followed a similar trajectory (Table 1) , as most farms were unable to operate profitably without state support. Production in all five newly independent states reached a low point between 2003 and 2008, at which time yields in Kyrgyzstan, Tajikistan, and Turkmenistan were virtually nil. By 2015, production in each of these countries had recovered somewhat, but none is a major player today.
The aquaculture sectors of Kazakhstan and Uzbekistan diverged sharply between 1991 and 2015 (Table 1) . Although aquaculture production in the former remains at less than 5% of its previous level, Uzbekistan has managed to boost its production to a level exceeding that achieved under the Soviets by more than 50%. This likely reflects both Uzbek priorities and the attention paid to large-scale aquaculture infrastructure that was created by the Soviets to offset the decline in capture fisheries accompanying destruction of the Aral Sea [7, 24] . As Table 1 indicates, Kazakhstan achieved only moderate success in utilizing old Soviet aquaculture infrastructure. As of 1994, there were only 18 such facilities in operation (Table 2) , distributed among 12 of the country's 14 districts [25] . Many functioned as hatcheries or nurseries for carp and related herbivorous species, but several near Almaty (including the only two in private hands) were engaged in commercial production. Lack of access to water and fish food, as well as free-market pressures, stand out as operating challenges [7, 26] . Table 2 . Location and specialization of Kazakhstan's aquaculture facilities as of 1994. The information is based on data available in [25] . Figure 3 ). The farm had been privatized with investment from Astana Capital Invest and had achieved considerable success in the introduction of new technology, production, and marketing systems. The farm produces fish for local markets, for the Kazakh government's restocking program, and supplies fingerlings to local fishers, who are obligated to help ease the overfishing problem in the Kapchagay Reservoir by restocking to offset their own catches. The long-term goal is to expand dramatically the export of pike-perch fillets to the European Union, especially Poland. Delivery is via long-haul, refrigerated trucks that must travel nearly two weeks to reach their destination in Europe [26] . There is potential to increase exports of pike-perch, trout, and sturgeon to China, as well as new opportunities with the Russian Federation, given President Putin's decision to ban food imports from Europe. 
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Water-Energy-Food Impacts on Fisheries and Aquaculture in Central Asia
The collapse of inland fisheries in Central Asia derives in large part from the intricate waterenergy-food nexus in the region. More than 90% of this arid region's water is withdrawn for irrigation [19] , a figure significantly higher than the global average [27] . All of the region's major rivers are interrupted by reservoirs, many of which generate hydroelectric power and all of which disrupt the hydrological cycle [28] [29] [30] . Upstream countries with abundant water resources are deficient in fossil fuel resources and, vice versa, downstream countries have fossil fuels but are waterdeficient. Consequently, there is pressure on water-rich countries such as Kyrgyzstan and Tajikistan to increase hydroelectric generation capacity-moves opposed by the other downstream oil-and gasrich countries, which claim substantial water flows for elaborate irrigation efforts. Added to this imbalance is the legacy of misguided Soviet agricultural and environmental policies that diverted water resources for unsustainable agricultural production goals on the one hand and permitted the unfettered industrial pollution of rivers, lakes, and seas on the other [31] [32] [33] [34] .
The Soviet water and energy transmission network may have made some sense in Moscow for the goals of economic self-sufficiency and heavy industrialization under Stalin and his immediate successors, but the damage done to the natural environment and to the prospects for prosperity in the successor Central Asian republics is appalling. The network of water and energy transmission managed centrally from Moscow in Soviet times has disintegrated into decaying infrastructures managed by national authorities beset with conflicting domestic imperatives and seemingly myopic policy priorities that are complicated in most cases by limited economic resources [34] [35] [36] [37] [38] . It is against this backdrop that fish production in the Soviet Union and its successor republics in Central Asia dropped sharply and then recovered modestly. Although the reasons are complex and vary from republic to republic [7] , three major factors emerge.
First, the collapse of the Soviet economy was dramatic and far-reaching. With the subsequent collapse of the Soviet Union as a political entity, the tasks for each successor state in the dual challenges of building both new political institutions and a productive economic system were immense. The common, one-size-fits-all Western advice of democratization and economic liberalization was not adopted to a significant degree in this region, and when some elements of the suggested reforms were adopted, they were only modestly effective [25, 32, [34] [35] [36] [37] [38] . One can argue that the political leadership in each country was distracted by more pressing governance and economic development challenges in the early years of independence-indeed civil war raged on in Tajikistan during the early years. More pedestrian, but nonetheless evident, was the fact that most of the regimes were more focused on other elements of economic and development policies. Fishery policy was well down the list of reform priorities, as indeed were agricultural reform and rural development more generally [7, 10, 39, 40] .
Second, the long-term negative environmental impacts of policies begun under the Soviet regime affected all five countries to some extent, destroying habitat and reducing and even eliminating formerly productive fisheries. These actions were long in the making and their legacy not easily remediated. The most striking fact is that until recently, and then only partially, none of the successor regimes sought to address the most important root issues such as the harmful pursuit of 
The collapse of inland fisheries in Central Asia derives in large part from the intricate water-energy-food nexus in the region. More than 90% of this arid region's water is withdrawn for irrigation [19] , a figure significantly higher than the global average [27] . All of the region's major rivers are interrupted by reservoirs, many of which generate hydroelectric power and all of which disrupt the hydrological cycle [28] [29] [30] . Upstream countries with abundant water resources are deficient in fossil fuel resources and, vice versa, downstream countries have fossil fuels but are water-deficient. Consequently, there is pressure on water-rich countries such as Kyrgyzstan and Tajikistan to increase hydroelectric generation capacity-moves opposed by the other downstream oiland gas-rich countries, which claim substantial water flows for elaborate irrigation efforts. Added to this imbalance is the legacy of misguided Soviet agricultural and environmental policies that diverted water resources for unsustainable agricultural production goals on the one hand and permitted the unfettered industrial pollution of rivers, lakes, and seas on the other [31] [32] [33] [34] .
Second, the long-term negative environmental impacts of policies begun under the Soviet regime affected all five countries to some extent, destroying habitat and reducing and even eliminating formerly productive fisheries. These actions were long in the making and their legacy not easily remediated. The most striking fact is that until recently, and then only partially, none of the successor regimes sought to address the most important root issues such as the harmful pursuit of expansive hydroelectric generation strategies that dramatically disrupt fish habitat. The cultivation of inappropriate crops like cotton and rice in arid regions also inflicts damage via excessive evaporation, waterlogging and salinization of the soil, erosion, and accumulation of pesticides [41, 42] .
As described above, the desertification of the Aral Sea in Kazakhstan and Uzbekistan is the most striking, but not the only [41, 43] , example of the convergence of this tragic set of policies. The elimination of this formerly productive fishery had obvious direct impacts on the livelihoods of the fishers. Destruction of the sub-region and its broader population through the secondary impact of soil encrusted with salt and poisoned by pesticide runoff, and then spread through the air by dust storms, was nothing short of devastating [14, 44, 45] . There is some hope for the recent efforts at rehabilitation, at least on the Kazakh side of the lake [15, 42] , but the newly independent governments still mostly choose not to turn their backs on the Soviet policies and system that had wreaked havoc on fish habitat and the larger environment [44, 46] . This is occurring even though Soviet imperial policies of self-sufficiency are no longer in play as a political justification for bad economics and agriculture, especially in the increasingly globalized economy of the post-Cold War world.
The third set of factors that explain the collapse of inland fisheries relates to the crucial energy-water nexus operative in much of the region. Countries with abundant water resources (Kyrgyzstan and Tajikistan) are deficient in fossil fuel resources, while oil-and gas-rich countries (Kazakhstan, Turkmenistan, and Uzbekistan) are downstream from and dependent on their neighbors for the liquid that creates fish habitat and enables irrigated agriculture [2, 8] . The pressure on water-rich countries to increase hydroelectric generation capacity is clear, but such action is usually opposed by downstream oil-and gas-rich countries, which claim a right to substantial water flows for elaborate irrigation efforts in support of the cotton monoculture, but secondarily for fishery rehabilitation [46] .
Countries with abundant water resources have not generally been able to monetize this resource, at least not to the extent that the fossil fuel-rich countries have been able to do so. Schemes to compensate water drawdown with energy resource transfers, while the subject of serious negotiation and some agreements, most notably between Uzbekistan and Tajikistan, have not worked well [47, 48] . Indeed, the Uzbeks in the past have threatened recourse to military action in response to potential cuts in water flows [49] . Irrigation needs are problematic due to aging and poorly maintained infrastructure, harsh climate, and soil-quality deficiencies, but they are also driven by the surprising survivability of the legacy of Soviet cotton monoculture in the region. A Russian or Chinese role in helping to reduce tension and mediate the conflicts of interest, which the Soviets helped to create, would be a valuable contribution to the region, whether it comes bilaterally or as part of a larger multilateral effort. To date, this has not occurred, in part because these two major powers have water and energy needs of their own that must be met [8, 50] .
Tajikistan offers the clearest example of a predominant focus on hydroelectric generation capacity development without due consideration for regional impacts on water and food, including fish. Trailing only Russia, it has the second highest hydroelectric power generation capacity of the Commonwealth of Independent States [8] . The Rogun Dam has been especially controversial [51] . Intended to solve Tajikistan's annual winter energy crisis with an expected installed capacity of 3600 megawatts, it may also displace 42,000 people from surrounding mountain villages. The World Bank has been reluctant to commit financing to the project, but the Tajik government in a 2015 ceremony announced its intention to complete the dam, and construction commenced in November 2016 [52] .
Uzbekistan protested plans to construct the dam by withdrawing in 2009 from Central Asia's electricity generation network [8, 48] . The death of the long-time Uzbek president Islam Karimov in September 2016 has raised the prospect of new, more sustainable policies on water use and agricultural development, and of potential cooperation with Tajikistan. Karimov's successor, the former prime minister Shavkat Mirziyoyev, has signaled his interest in reducing the production of water-intensive crops like cotton and rice as part of a large-scale program of economic and agricultural reform. While the Aral Sea fisheries may be beyond the reach of even the most aggressive plan for reclamation, recent growth in fish capture and aquaculture production in Uzbekistan (Table 1, Figure 2 ) bodes well for the future.
Observations from the Ili River and Lake Balkhash
Although the renewable freshwater resources of Kazakhstan exceed those of Japan on a per capita basis [53] , water is unevenly distributed over an immense area of low population, and thus often scarce. The internal rivers are small with limited flow and, as discussed above, the larger ones are mostly transborder in nature, originating in mountainous regions of nearby countries. Among these rivers is the Ili, which rises in Xinjiang Province of western China and flows in a westerly direction toward Lake Balkhash (Figure 4) . The river enters the lake through a biodiverse and economically important delta and then terminates. Lake Balkhash lies in a particularly arid region that receives only about 130 mm of precipitation per year in comparison to more than 400 and 600 mm, respectively, in northern Kazakhstan and the Almaty region [1] .
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Although the renewable freshwater resources of Kazakhstan exceed those of Japan on a per capita basis [53] , water is unevenly distributed over an immense area of low population, and thus often scarce. The internal rivers are small with limited flow and, as discussed above, the larger ones are mostly transborder in nature, originating in mountainous regions of nearby countries. Among these rivers is the Ili, which rises in Xinjiang Province of western China and flows in a westerly direction toward Lake Balkhash (Figure 4) . The river enters the lake through a biodiverse and economically important delta and then terminates. Lake Balkhash lies in a particularly arid region that receives only about 130 mm of precipitation per year in comparison to more than 400 and 600 mm, respectively, in northern Kazakhstan and the Almaty region [1] . The Ili River ecosystem has been examined from a variety of perspectives, both because of its uniqueness and its fragility [43, [54] [55] [56] [57] . The river is interrupted by one major dam at Kapchagay in eastern Kazakhstan and by several smaller dams along its headwaters in China. Kapchagay dam and reservoir, which were installed by the Soviets in the late 1960s, were designed to generate about 300 megawatts of power and simultaneously enable irrigation of arid lands downstream and near the reservoir, primarily for rice [58] . The extent of irrigation from Kapchagay never reached expectations and, following a familiar pattern, declined substantially after the disappearance of the Soviet Union. In contrast, China's newer, more modest-sized upstream dams continue to perform dual functions in irrigation and power generation [59] .
Capture fisheries along the Ili and its feeder streams in China are insignificant compared to those in Kazakhstan, which began on Lake Balkhash and have extended more recently to Kapchagay reservoir. Officially, commercial fishing began in Lake Balkhash in 1929. Capture was initially under 100 tons per year, but yields gradually rose until 1941, when they exceeded 18,000 tons and then declined by two-thirds in just four years [39, 43] . During the 1960s, just prior to the closing of the Kapchagay dam, capture often exceeded the peak achieved more than 20 years earlier, and Lake Balkhash fisheries were economically healthy as assessed by employment, efficiency, and equipment (Table 3) .
The completion of Kapchagay dam in the fall of 1969 had profound negative impacts on the downstream river, delta, and lake. The altered hydrological cycle and increased pesticide load and salinity-both conditioned in large part by irrigated agriculture-reduced the fisheries' potential in the lake to the extent that by the 1990s, at a time when capture was about 11,000 tons per year and experiencing a long period of decline [60] , sustainable annual yields of only 7000 tons were predicted [39, 61] . Newly available data for the years 2010, 2011, and 2016 confirm that although this level was exceeded well into the 21st century, capture is now falling and approaching the 7000 tons per year estimate ( Table 4 ). The makeup of the catch also seems to be changing, as yields of valuable carp and The Ili River ecosystem has been examined from a variety of perspectives, both because of its uniqueness and its fragility [43, [54] [55] [56] [57] . The river is interrupted by one major dam at Kapchagay in eastern Kazakhstan and by several smaller dams along its headwaters in China. Kapchagay dam and reservoir, which were installed by the Soviets in the late 1960s, were designed to generate about 300 megawatts of power and simultaneously enable irrigation of arid lands downstream and near the reservoir, primarily for rice [58] . The extent of irrigation from Kapchagay never reached expectations and, following a familiar pattern, declined substantially after the disappearance of the Soviet Union. In contrast, China's newer, more modest-sized upstream dams continue to perform dual functions in irrigation and power generation [59] .
The completion of Kapchagay dam in the fall of 1969 had profound negative impacts on the downstream river, delta, and lake. The altered hydrological cycle and increased pesticide load and salinity-both conditioned in large part by irrigated agriculture-reduced the fisheries' potential in the lake to the extent that by the 1990s, at a time when capture was about 11,000 tons per year and experiencing a long period of decline [60] , sustainable annual yields of only 7000 tons were predicted [39, 61] . Newly available data for the years 2010, 2011, and 2016 confirm that although this level was exceeded well into the 21st century, capture is now falling and approaching the 7000 tons per year estimate (Table 4 ). The makeup of the catch also seems to be changing, as yields of valuable carp and pike-perch have fallen disproportionately over the past few years in comparison with those of less-valuable species such as asp and roach. Table 5 provides data on the number of fishers and the size of the fleet on Lake Balkhash for the time interval corresponding to the capture data shown in Table 4 . Employment of fishers on the lake, as well as the number of boats and the number of seines and nets in use, are declining even more rapidly than the reductions in capture, but in rough proportion to the disappearance of the more valuable fish species from the total capture. This implies that fishers are responding to decreased stocks of desirable species by reducing their activity on the lake. 2010  39  1090  433  89  12,275  2011  33  1122  192  68  11,795  2012  24  506  208  75  5500  2013  28  459  191  53  5180  2014  28  618  154  41  7350  2015 *  26  447  242  58  5849 Although the lake is the predominant source of fish in the Ili River ecosystem, fish are also caught in the river and its delta, as well as Kapchagay reservoir. The yield from the river and delta corresponds to less than 3% of that from the lake, and plummeted between 2011 and 2016 (Table 6 ). All species experienced declines, some by more than 80% in just five years. Commercial fishing on the reservoir began shortly after its inception, with capture varying from 660 to 1250 tons annually between 1975 and 1984. Twenty-four species, some native and some introduced, were present at the beginning of this period, but the number declined to 19 by 1980, even as the relative proportions of species fluctuated substantially [39] . This was conditioned in part by changes in water flow characteristics and food availability as the impoundment filled, but other long-term factors were also at play. These include fishing pressure upstream [39] , diversion of ever more upstream water for hydroelectric and irrigation projects in China [58, 59] , as well as climate change [17, 62] . The latter driver is of particular importance. Warming of temperatures in Kazakhstan and the neighboring mountains is much higher than the global average of 2 • C. The glacier melt is predicted to increase flow into the Ili and other rivers temporarily, but then lead to sustained decreases as the glaciers disappear [17] . Traveling from the Kapchagay dam along the Ili River to Lake Balkhash in May, one is struck by the vastness and aridity of the region. Remnants of the old Soviet irrigation network, long inoperable and with little prospect for renewed agricultural development, are visible near Bakbakty. The slow-moving river is dotted with islands and sandbars near the bridge crossing at Akzhar, where exposed banks are evidence that the river's flow has been altered ( Figure 5 ). Little of the delta is visible as one nears the village of Kuygan, which is adjacent to the lake and home to the Ribprom fishing enterprise, which operates approximately 12 boats. Traveling from the Kapchagay dam along the Ili River to Lake Balkhash in May, one is struck by the vastness and aridity of the region. Remnants of the old Soviet irrigation network, long inoperable and with little prospect for renewed agricultural development, are visible near Bakbakty. The slow-moving river is dotted with islands and sandbars near the bridge crossing at Akzhar, where exposed banks are evidence that the river's flow has been altered ( Figure 5 ). Little of the delta is visible as one nears the village of Kuygan, which is adjacent to the lake and home to the Ribprom fishing enterprise, which operates approximately 12 boats. In order to maintain adequate stocks, capture is not permitted between 15 April and 31 May. This period is thus reserved for boat and tackle repairs in anticipation of the summer fishing season, when boats are allowed to cross an 11-km channel fed by the Ili River to reach Lake Balkhash ( Figure  5 ). June is the prime fishing month, with the goal to capture 20 tons per day (daily production usually drops to no more than 4-5 tons for the remaining season). The fishers use a seine net that is 1500 m long and pulled by two boats, each with a four-man crew. The net size is regulated, permitting square In order to maintain adequate stocks, capture is not permitted between 15 April and 31 May. This period is thus reserved for boat and tackle repairs in anticipation of the summer fishing season, when boats are allowed to cross an 11-km channel fed by the Ili River to reach Lake Balkhash ( Figure 5) . June is the prime fishing month, with the goal to capture 20 tons per day (daily production usually drops to no more than 4-5 tons for the remaining season). The fishers use a seine net that is 1500 m long and pulled by two boats, each with a four-man crew. The net size is regulated, permitting square openings no smaller than 4.5 × 4.5 cm. One pass requires about four hours. Commercial enterprises purchase fish from independent fishers and combine them with their own catch before shipment on ice to Almaty, a 4-5 h drive, for processing.
In the past, carp and pike-perch were the principal fishing targets, but as stocks of these species have declined (Table 4) , the catch is mostly less marketable bream, some of which is hung to dry before sale. Fishers adhere to government fishing regulations but complain about lax enforcement and rampant poaching on the lake, practices that are known to be widespread in Kazakhstan [31] . As with enforcement of fishery regulations in many other depressed jurisdictions, the government may also be reluctant to deal too harshly with a struggling and underemployed rural population.
The Path Forward
Centralized control during Soviet times, although environmentally reckless, did assure a significant degree of systems integration [20, 63] . The use of natural resources was balanced by Moscow, ostensibly for the "common good," and this benefitted fish production. Moscow even exerted pressure to increase fish consumption via a 1976 degree that identified Thursday as Fish Day [64] . This all changed with the breakdown of the old order and the rise of new republics that emphasized self-sufficiency and nation-building [8, 65] . As we have seen, resources are unevenly distributed across today's political map such that some of the newly independent states are dependent on others for water, energy, and food. This set the stage for disagreements, many of which are ongoing more than 25 years after independence.
Preservation of Central Asia's ecosystems, including the fish that inhabit them, can be viewed as a so-called wicked problem [66] . These problems exhibit complex interdependencies, i.e., water-energy-food, and are characterized by evolving and contradictory information and knowledge, as well as core issues that often include a strong economic component. Wicked problems can best be addressed by posing questions that begin with "what ought to be" rather than "what if". This shifts attention from specific components of the ecosystem (What if a particular river is dammed? What if fish capture in a particular lake continues to decrease?) to real world interdependencies (What ought to be the distribution of the ecosystem's available water? What ought to be the value of biota in the ecosystem?). Identification and analysis of such interdependencies between water, energy, and food is a valuable way to highlight the importance of individual components, including fish [67] [68] [69] [70] . TM Diversion of irrigation and Amu Darya water to create Golden Era Lake in Karakum desert [73] Irrigation and water use efficiency KZ Government announces plans to increase irrigated cropland by 45% over five years [74] KZ European Bank of Reconstruction and Development and the World Bank fund projects to increase irrigation efficiency [75, 76] TM Government proposes to end wasteful water subsidies [77] UZ New president signals ending of the country's addiction to water-intensive cotton [78] Governance and international cooperation CN Water concessions anticipated as part of New Silk Road and One Belt, One Road initiatives [79] KG Government cooperating on new initiatives to mitigate the effects of climate change [80] UZ New president is open to regional cooperation [81] Fisheries and aquaculture KG Finland funds fisheries and aquaculture research, in-country fish processing [82] RU Significant new domestic fish-processing capacity in the Crimea to reduce imports from other countries [83] TJ Program to expand fisheries and develop aquaculture extended to 2020 [84] Freeing fish and fisheries from their current, disproportionately subordinate status as a food source is also important. Collection of statistics on fish populations and species diversity, catch, and the potential of aquaculture such as those given in Tables 3-6 is a useful first step. The value of such data has been heightened by complications triggered by the disintegration of the Soviet Union and the diminished importance of fish in the newly emerged Central Asian states, but documentation, while necessary, is not enough. At a time when attention is rapidly shifting away from sector-specific perspectives and toward the interdependencies between water, energy, and food, what additional information about fish is needed and how can it best be obtained?
The above issues cannot be separated from the policy path for Central Asia's fish and fisheries. Four steps are important. The first is adoption of regional accords and harmonization of national policies on catch limits and allowable fishing equipment. Such policies have proved effective across the European Union, where enforcement of rules helped to curtail overfishing, allowing stocks to recover [85] . Second, transborder water-sharing must be addressed as a mechanism to conserve and appropriately manage this limiting, shared resource. As a source of Central Asian waterways, China must be party to these negotiations. Third, research and development in support of aquaculture should be pursued as a strategy to replace collapsed fisheries that cannot be revived. And fourth, essential hydroelectric generation capacity in upstream areas without effective energy alternatives should be expanded within a framework of environmental impact assessment that mandates strategies to reduce potential fish habitat loss.
Sound policy may nevertheless be difficult to implement given today's political realities [86, 87] . Indeed, the Kazakh government in 2007 extended an offer to China for reduced pricing of its exports, perhaps including future oil and gas shipments, in return for lower water consumption on the Chinese side of the border. China's reported decline of the offer is indicative of the complexity surrounding current and likely future negotiations on water, energy, and food. Regional discussion nevertheless continues, and decisions are being made (Table 7) . Thus, the future of the North Aral Sea seems assured, even as draw-off of excess irrigation water to fill the Golden Era Lake further threatens the Amu Darya River, and as China persists in diverting water from the headwaters of the Ili River. Investments are making irrigation more efficient but also more extensive, even as several countries in Central Asia signal a new willingness to at least discuss contentious water issues. Investments to enhance aquaculture and fish-processing have also been announced. Few of these efforts are driven by a desire to support fish and inland fisheries, but many have the potential to do so.
Recognition of the systems interdependencies governing fish and fisheries in Central Asia is no more a panacea than acknowledgment that the underlying ecosystems should be addressed as wicked problems. The history of the region is, after all, replete with bad environmental decisions that have been made in spite of the availability of good information to the contrary. Nevertheless, the time seems appropriate for renewed emphasis on fish and fisheries as they relate to the convergence of water, energy, and food in Central Asia.
